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ABSTRACT 

T h i s  memorandum con ta ins  CSM weight e s t i m a t e s  f o r  
t h e  extended l u n a r  miss ions  ou t l ined  i n  t h e  c u r r e n t  AAP Ad 
Hoc s tudy  e f f o r t .  The weights  a r e  de r ived  on t h e  b a s i s  of 
t h e  inc reased  expendables necessary f o r  l i f e  suppor t ,  e l e c -  
t r i c a l  power g e n e r a t i o n  and cabin leakage .  Increments  t o  
t h e  requi rements  =f t h e  Design Reference Mission DRM I I A  
were e s t ima ted  f o r  each mission and added t o  t h e  b a s e l i n e  
CSM weight .  

The s i n g l e  launch missions inc luded  were: a 28 day 
l u n a r  o r b i t a l  miss ion ,  an Extended LM w i t h  a 3 day s u r f a c e  
s t a y t i m e ,  and an Augmented LM w i t h  an 8 day s u r f a c e  s t ay t ime .  
The d u a l  launch miss ions  combined a 14 day l u n a r  o r b i t a l  miss ion  
w i t h  d e l i v e r y  of t h e  unmanned Lunar Payload Module, and included 
bo th  Extended and Augmented LM missions w i t h  s u r f a c e  s t ay t imes  
of 12 and 14 days r e s p e c t i v e l y .  

The CSM weight e s t ima tes  shown i n  F igure  3 a r e  
h i g h l y  dependent on d e t a i l e d  mission requi rements  which remain 
to be developed. Probably more important  a r e  t h e  r equ i r ed  
changes t o  t h e  Apollo CSM subsystems f o r  t h i s  spectrum of 
l u n a r  mis s ions .  Longer l i f e  f u e l  c e l l s ,  l a r g e r  cryogenic 
s t o r a g e  systems, and increased RCS p r o p e l l a n t  c a p a c i t y  w i l l  
r e q u i r e  s u b s t a n t i a l  l e a d  t imes.  The development of instrument  
payloads and a s s o c i a t e d  weights ( n o t  inc luded  i n  t h e  CSM weight  
e s t i m a t e s  of F igure  3) should a l s o  be cons idered  a c r i t i c a l  
lead time i tem.  
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SUBJECT: CSM Requirements f o r  Extended DATE: June 22, 1967 
Lunar Missions - Case 232 

FROM: D. R .  Val ley  

TM-67-1012-7 

TECHNICAL MEMORANDUM 

INTRODUCTION 

T h i s  memorandum d e a l s  w i t h  CSM requi rements  f o r  
extended l u n a r  miss ions  a s  o u t l i n e d  i n  t h e  c u r r e n t  AAP Ad Hoc 
s tudy  e f f o r t .  CSM weights  a s s o c i a t e d  w i t h  each miss ion  type  
have been de r ived  on t h e  basis  of t h e  increased  expendables 
necessa ry  f o r  l i f e  suppor t ,  e l e c t r i c a l  power gene ra t ion ,  and 
cab in  leakage. I n  a d d i t i o n ,  e s t i m a t e s  f o r  increased  RCS 
requi rements  and s t r u c t u r a l  weight p e n a l t i e s  have been included.  

The Design Reference Mission (DRM IIA) (Ref .  1) was 
used a s  a base f o r  t he  Apollo miss ion  requi rements .  I n c r e -  
ments t o  t h i s  were c a l c u l a t e d  for each of t h e  miss ion  types  
and added t o  t h e  b a s e l i n e  Block I1 CSM weight .  The r e s u l t s  
a r e  shown i n  F igure  3 which provides  a CSM weight f o r  each 
miss ion  type  cons idered .  I n  a d d i t i o n ,  t h e  weight l o s s e s  
a s s o c i a t e d  w i t h  expendables used  p r i o r  t o  l u n a r  o r b i t  i n s e r -  
t i o n  and w h i l e  i n  l u n a r  o r b i t  a r e  shown. These two weights 
w i l l  be s i g n i f i c a n t  f a c t o r s  i n  determining the  Se rv ice  Module 
p ropu l s ion  requirements  f o r  the  va r ious  mission p r o f i l e s .  The 
i n c r e a s e s  t o  t h e  b a s e l i n e  Block I1 CSM weight  a r e  shown i n  
terms of f ixed  w e i g h t  and expendable we igh t  increments .  

MISSIONS 

The fo l lowing  luna r  mission types were cons idered:  

S ing le  Launch Missions 

Lunar o r b i t a l  - 28 days i n  o r b i t  

11. Extended LM - 3 day s u r f a c e  s t ay t ime  

Augmented LM - 8 day s u r f a c e  staytime 

D i a l  Launch Missions w i t h  a n  Unmanned Lunar 
Payload Module f o r  L o g i s t i c s  Del ivery 

IV. Extended LM - 1 2  day s u r f a c e  s t ay t ime  

V. Augmented LM - 14 day s u r f a c e  s tayt ime 



BELLCOMM, I N C .  - 2 -  

S i x  d i f f e r e n t '  CSM c o n f i g u r a t i o n s  are r e f l e c t e d  by 
t h e s e  miss ions .  Four are a s s o c i a t e d  w i t h  t h e  d i f f e r e n t  LM 
c o n f i g u r a t i o n s  ( d i f f e r e n t  s tay t ime c a p a b i l i t y )  , one wi th  t h e  
28 day l u n a r  o r b i t a l  mission, and one a s s o c i a t e d  w i t h  d e l i v e r y  
of t h e  unmanned payload modules of Missions IV and V .  I n  
connect ion w i t h  t h e s e  unmanned d e l i v e r y  f l i g h t s ,  i t  h a s  been 
assumed t h a t  t h e  CSM's w i l l  be used f o r  14 day l u n a r  o r b i t a l  
missions a f t e r  a s s i s t i n g  i n  t h e  unmanned l and ing .  

F igure  1 o u t l i n e s  a rough time l i n e  f o r  each of t h e  
miss ions  and similar data i s  shown f o r  the des ign  r e f e r e n c e  
miss ion .  Other  t han  t h e  e f f e c t s  of t h e  a d d i t i o n a l  s u r f a c e  
s t ay t imes ,  l onge r  t r a n s l u n a r  and t r a n s e a r t h  f l i g h t  t imes  
(110 h r s )  are shown t o  r e f l e c t  f l i g h t  p r o f i l e s  d i f f e r e n t  from 
t h e  b a s i c  Apollo mission.  

ASSUMPTIONS 

The fo l lowing  a.ssumptions were used i n  determining 
t h e  CSM weight requirements  f o r  each of t h e  miss ions :  

1. 

2. 

3. 

4. 
5.  

6. 

7. 

8. 

Base l ine  Block I1 CSM weight (Ref .  3) : 23,562 l b s *  

Metabolic O2 requirements:  

Cabin leakage r a t e :  4.8 lbs/day (0.2 l b s /h r )  

Food requirements:  2 lbs/day/man 

2 lbs/day/man (1/12 lb/man-hr) 

L i O H  requirements:  0.145 lbs/man-hr (Based on DRM I I A  
L i O H  system weight and mission 
man-hours .) 

Average e l e c t r i c a l  power: 2,000 w a t t s  

F u e l  c e l l  r e a c t a n t  consumption r a t e :  0.9 lb/kw-hr 
(0.8 l b  O2 and 
0 . 1  l b  H2) 

Cryogenic s to rage  system weights  based 
on Block I1 design (Ref .  2 a )  a s  fo l lows:  

Hydrogen: 64.9 l b s  tank  weight f o r  28 l b s  usab le  H2 
64.9 + 28 - system weight f a c t o r  = - 

3.32 lbs / lb  usab le  H2 

*The CSM used f o r  l una r  o r b i t a l  missions i s  assumed 
t o  c a r r y  a two man crew and, t h e r e f o r e ,  t h e  b a s e l i n e  weight 
was reduced by 500 l b s  t o  23,062 l b s .  
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Oxygen: 77.3 l b s  tank  weight for 320 l b s  usab le  O2 

77.3 + 320 = 
320 

system weight f a c t o r  = 

1.25 lbs/ lb  usab le  O2 - 
9. Reserves:  DRM I I A  i n d i c a t e s  about 200 l b s  of usab le  

expendables (190 l b s  O2 and 11 l b s  H2) 
remaining a t  t h e  t ime of SM j e t t i s o n .  
T h i s  q u a n t i t y  was inc luded  i n  t h e  expendable 
requirements  f o r  each mission.  

Using t h e s e  assumptions, t h e  t o t a l  expendable r e q u i r e -  
ments f o r  each type  mission were de r ived .  The r e s u l t s  a r e  
shown i n  F igure  2 ,  

SUBSYSTEM CONSIDERATIONS 

E l e c t r i c a l  Power System 

s i o n  System Study (Ref .  2b) i n d i c a t e d  an  e l e c t r i c a l  power 
g e n e r a t i o n  system c o n s i s t i n g  of four 1200-hour f u e l  c e l l s  w i t h  
two of t h e s e  be ing  redundant for mission r e l i a b i l i t y  reasons .  
T h i s  c o n f i g u r a t i o n  was assumed f o r  a l l  missLon d u r a t i o n s  ex- 
ceeding 500 hours .  The 3 day Extended LM and 8 day Augmented 
LM missions were l e f t  w i th  t h e  b a s i c  Block I1 e l e c t r i c a l  
power system c o n s i s t i n g  of t h r e e  f u e l  c e l l s .  The 8 day Aug- 
mented LM mission (441 hours d u r a t i o n )  exceeds the  400 hour  
l i f e  r a t i n g  of t h e  Block I1 f u e l  c e l l s ,  and thus  use  of t h r e e  
1200-hour f u e l  c e l l s  can be assumed. The weight and r e a c t a n t  
consumption r a t e  of t he  longer  l i f e  f u e l  c e l l s  a r e  e s s e n t i a l l y  
t h e  same a s  t h e  Block I1 ver s ion  and would have an  i n s i g n i f i -  
c a n t  e f f e c t  from a weight a n a l y s i s  s t andpo in t .  

The p re l imina ry  d e f i n i t i o n  phase of t h e  Apollo Exten- 

Cryogenic Storage System 

DRM I I A  r e s e r v e s  9 for any of t h e  proposed missions exceeds 
t h e  s t o r a g e  c a p a b i l i t y  of the Block I1 CSM system. E i t h e r  
new t ank  des ign  or a d d i t i o n a l  Block I1 t a n k s  a r e  r equ i r ed .  
The Extended LM ( 3  day s tayt ime)  mission requirements  could 
be cared  for by one a d d i t i o n a l  s e t  of Block I1 t anks .  The CSM 
weight developed for t h i s  p a r t i c u l a r  miss ion  h a s  been based on 
t h i s  op t ion .  The remaining mission types ,  however, r e q u i r e  
t h e  a d d i t i o n  of more than one se t  of Block I1 tanks, and t h e  
use  of new, l a r g e r  volume tanks appears  p r e f e r a b l e .  Tank 

The ox gen and hydrogen requirements  ( i n c l u d i n g  



BELLCOMM, INC. 

~ 

- 4 -  

weights f o r  t h e  LPM d e l i v e r y  and 14 day 1una.r o r b i t a l  mission 
were e s t ima ted  i n  accordance w i t h  t h e  Block I1 system weight 
f a c t o r s  (see Assumptions). Except f o r  t he  28 day l u n a r  o r b i t a l  
miss ion ,  these  ta.nk weights  were then  used f o r  a l l  remaining 
CSM c o n f i g u r a t i o n s ,  but  were off- loaded t o  meet i n d i v i d u a l  
miss ion  requirements .  Two s e t s  of these tanks  and some add i -  
t i o n a l  s t r u c t u r a l  weight p e n a l t y  were assumed f o r  t h e  28 day 
miss ion .  

REACTION CONTROL SYSTEN (RCS) 

Data from t h e  Apollo ExtensicSn Systems Study (Ref.  2c)  
i n d i c a t e s  a 765 l b  i n c r e a s e  i n  RCS p r o p e l l a n t  r equ i r ed  f o r  a 
14 day l u n a r  o r b i t a l  mission.  The recommended c o n f i g u r a t i o n  
r ep laced  t h e  p re sen t  SM RCS tankage w i t h  4 LM RCS o x i d i z e r  
t anks  p e r  quad t o  provide f o r  a usable  p r o p e l l a n t  c a p a c i t y  of 
about 2300 l b s .  T h i s  con f igu ra t ion ,  w i t h  t a n k s  loaded t o  meet 
miss ion  requi rements ,  was assumed f o r  t h e  l u n a r  o r b i t a l  m i s -  
s i o n s .  The f i x e d  weight pena l ty  a s s o c i a t e d  w i t h  the  l a r g e r  
t a n k s  and helium p r e s s u r i z a t i o n  system amounts t o  402 l b s .  

STRUCTURAL 

S t r u c t u r a l  weight p e n a l t i e s  were e s t ima ted  on t h e  
b a s i s  of d a t a  taken  from the  Apollo Extension System Study 
( R e f .  2 d ) .  

REMARKS 

The material  presented  i n  t h i s  memorandum r e p r e s e n t s  
a f i r s t  c u t  e s t i m a t e  of CSM weights  f o r  each of t h e  mission 
types  considered.  A s  de t a i l ed  mission requirements  a r e  deve l -  
oped, e s p e c i a l l y  f o r  e l e c t r i c a l  power and RCS p r o p e l l a n t  
requi rements ,  t h e  we igh t  p i c t u r e  presented  could change con- 
s i d e r a b l y .  I n  a d d i t i o n ,  i t  should be noted t h a t  t h e  CSM 
o r b i t a l  mission conf igu ra t ion  weight  does no t  i nc lude  al low- 
ances  f o r  t h e  o r b i t a l  i n s t rumen ta t ion .  For  t h e  p r e s e n t ,  t hese  
weights  w i l l  have t o  be considered a s  payloads t o  be added t o  
t h e  e s t i m a t e s  shown. T h e  fol lowing types of t h i n g s  should be 
cons idered  i n  t h i s  ca tegory :  

1. S c i e n t i f i c  i n s t rumen ta t ion  

2 .  Weights a s soc ia t ed  w i t h  t h e  data r e t u r n  
a n t i c i p a t e d  (communications and a c t u a l  
weight r e tu rned  t o  Ea r th )  

3. Increased  r eco rde r  requirements  
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4. Experiment i n t e r f a c e s  

5. The e f f e c t  of thermal p r o f i l e s  f o r  d i f f e r e n t  
o r b i t a l  i n c l i n a t i o n s  ( i n s u l a t i o n ,  sh i e ld ing ,  and 
a ssoc i a  t ed a t  t it ude con t ro l  requirements ) 

6.  Allowances f o r  E X A  a c t L v i t i e s  

7. Additional navigat ion and guidance requi red .  

1 0 1 2 - D R V - h j t  
d.fl dLj/ 
D. R. Val ley 

Attachment s : 
References 
Figures  1 - 3 
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